Objective Left cardiac catheterization carries a risk of cerebral complications. We aimed to conduct a prospective comparative study to determine the frequency and clinical implications of cerebral microembolism following left cardiac catheterization. Methods One hundred and sixty-seven patients were enrolled into two groups: 111 patients who underwent left cardiac catheterization and 56 patients who underwent multidetector computed tomography (MDCT). MRI was performed within seven days after cardiac catheterization or MDCT, and acute cerebral embolism was detected on diffusion-weighted imaging (DWI). Old cerebral infarctions were detected on the initial T2-weighted imaging (T2WI), and new cerebral infarctions were detected on T2WI three months after the first MRI. Results On the initial MRI examinations, DWI-positive areas were observed in 20 cases (18%) and T2WI-positive areas were observed in only two cases (1.8%) after three months in the patients who underwent left cardiac catheterization. DWI-positive areas were observed in only one case (1.8%) after MDCT, while no T2WI-positive areas were observed three months later. No neurological abnormalities were detected in any patients with DWI-positive areas. Conclusion Left cardiac catheterization carries a risk of asymptomatic cerebral microembolism, as assessed on DWI; however, most microemboli disappear within three months without causing any neurological abnormalities.
Introduction
Left cardiac catheterization is frequently performed for the diagnosis and treatment of coronary artery disease. However, many complications caused by cardiac catheterization, such as allergic reactions in response to contrast agents and local anesthetics, arrhythmias, renal dysfunction, myocardial infarction, cerebral infarction, arterial dissection and occlusion, bleeding and hematoma formation, have been reported, with a frequency of approximately 0.8-2.05% (1-3). Concerning cerebral complications, cerebral infarctions with symptoms such as hemiplegia, hemiparesis or consciousness disorders have been reported at a rate of 0.1% (3) . Cerebral infarctions without symptoms on cerebral MRI have been reported to occur in 22% of patients (4) . It is surprising that the rate of cerebral infarction after left cardiac catheterization is so high. Therefore, in the present study, we aimed to conduct a prospective comparative analysis to investigate the frequency and clinical implications of cerebral microem-bolism following left cardiac catheterization assessed on MDCT.
Materials and Methods
The subjects evaluated in the present study were patients who underwent coronary angiography via left cardiac catheterization for the diagnosis and/or treatment of coronary artery disease and multidetector computed tomography (MDCT), which produces coronary CT angiography, for the diagnosis of coronary artery disease. The patients were enrolled into two groups: Catheter Group: patients who underwent coronary angiography and cerebral MRI within one week after cardiac catheterization; MDCT Group: patients who underwent MDCT and cerebral MRI within one week after MDCT.
Left cardiac catheterization
Coronary angiography was performed in all 111 patients in the Catheter Group. Left ventriculograms were obtained in 38 patients (34.2%) in the Catheter Group. Cardiac catheterization was performed using the standard Seldinger method. Puncture was performed through the brachial artery in 94 patients (83.7%) and the femoral artery in 17 patients (16.3%). A 5-Fr sheath was used in 98 patients (88.3%) and a 7-Fr sheath was used in 13 patients (11.7%). Prior to cardiac catheterization, 2,000 IU of heparin was intravenously administered for diagnostic catheterization and 5,000 IU of heparin was intravenously administered for percutaneous coronary intervention (PCI) treatment. Plastic guide wires were used (Goodman, DRAGON, 0.035 inch, 150 cm, Angle type). With an approach from the right brachial artery, left and right coronary angiography catheters (Goodman Goodtech catheter BR (5 Fr)) were used. For the approach from the right femoral artery, a Judkins-40 (Goodman, Goodtech catheter JR4 or JL4, 5 Fr) was used. For PCI, a 6-Fr or 7-Fr guiding catheter (Boston Scientific mach 1 coronary guiding catheter FL4 or FR4) was also used. For the left ventriculograms, a pigtail catheter (TERUMO optiflash, 5 Fr) was used. For iodine enhancement, the Omnipark 350 (DAIICHI SANKYO) was used. During cardiac catheterization, the duration of catheter placement inside the arteries was calculated.
Coronary CT angiography
Coronary CT angiography was performed in all 56 patients in the MDCT Group. The CT system used in this study was an Aquilion 64 (Toshiba, Tokyo), and the workstation was a ZIOSTATION (Amin, Tokyo). For iodine enhancement, an Iopamiron 370 (Bayer Japan, Tokyo) was used.
MRI
MRI was performed within seven days after cardiac catheterization or MDCT. We conducted the magnetic resonance examinations using the 1. Cerebral infarction was assessed using diffusion-weighted imaging (DWI) following left cardiac catheterization or MDCT within seven days. In patients who exhibited DWIpositive areas, the presence or absence of subsequent cerebral infarctions at the location of the diffusion abnormality was assessed on T2-weighted images and fluid attenuated inversion recovery (FLAIR) sequences three months after the first MRI. A radiologist who was blinded to the protocol of the present study judged the MRI findings.
Neurological assessment
All patients underwent a neurological assessment before and within seven days after cardiac catheterization. Neurological complications, such as cranial nerve, motor, sensory, reflex and pyramidal abnormalities, were detected by the attending physician.
Statistical analysis
All data are shown as the mean ± SD. For comparisons between the two groups, the unpaired t-test was used. The incidence of DWI-positive areas was compared between the groups using the chi-square test.
Results

Patient enrollment
A total of 167 patients were included in the present study and randomized into the two groups: 111 patients underwent left cardiac catheterization and 56 patients underwent MDCT. Of the 111 patients who underwent left cardiac catheterization, 98 underwent coronary angiography without PCI and 13 underwent coronary angiography with PCI ( Fig. 1 ). Table 1 presents the patients' characteristics. There were no significant differences between the Catheter Group and the MDCT Group, with the exceptions of smoking, a past history of cerebral infarction, the HbA1c (JDS) level, antiplatelet antibodies and Af between the two groups. The mean time of catheter handling was 1,262.4 seconds (220-7,200 seconds) in the Catheter Group.
Patient characteristics
Brain MRI
In the Catheter Group, T2-weighted imaging (T2WI)-positive areas were observed on the first MRI in 98 cases (88.3%). As shown in Fig. 2-1a and 2-2a (patients 1 and 2) , diffusion-weighted images demonstrated acute cerebral diffusion abnormalities in a pattern consistent with cerebral embolic lesions following left cardiac catheterization. The DWI-positive areas observed on the first MRI demonstrated positivity on T2WI in patient 1; however, no T2WI-positive areas were observed in patient 2 three months later ( Fig. 2-1b, 2b ).
As shown in Table 2 , DWI-positive areas were observed in 20 cases (18%). DWI-positive areas were present in the right brain in 13 cases (11.7%), the left brain in four cases (3.6%) and both the right and left brain in three cases (2.7%). MRI performed at three months after the first MRI showed that the DWI-positive areas observed on the first MRI were not positive on T2WI in 18 cases (16.2%), and only two patients (1.8%) exhibited T2WI-positive areas.
In the MDCT Group, T2WI-positive areas were observed on the first MRI in 48 cases (85.7%). DWI-positive areas were observed in only one case (1.8%). DWI-positive areas were present in the right brain in one case (1.8%), the left brain in zero cases (0%) and both the right and left brains in zero cases (0%). The DWI-positive areas were not positive on T2WI at three months after the first MRI.
Neurological assessment
No neurological abnormalities were found in any patients with DWI-positive areas.
Discussion
The present study demonstrated that 1) DWI-positive areas on brain MRI were observed in 18% of the Catheter Group patients who underwent cardiac catheterization and 1.8% of the MDCT Group patients who underwent coronary CT angiography, 2) T2WI-positive areas were found three months after the first MRI in only two cases (1.8%) in the Catheter Group and zero cases (0%) in the MDCT Group and 3) no neurological abnormalities were found in any patients with DWI-positive areas.
The new findings of the present study are as follows: 1) the frequency of microembolism on DWI following cardiac catheterization or MDCT was strikingly higher in the Catheter Group (18%) than in the MDCT Group (1.8%) and 2) almost none of the DWI-positive areas were positive on T2WI three months after the first MRI, suggesting that most of the microemboli disappeared within three months without causing neurological abnormalities.
In the present study, the patient characteristics had a tendency to be more severe in the Catheter Group than in the MDCT group, as shown in Table 1 . Whether this difference affected the present results remains to be investigated.
In this study, the patients who underwent cardiac catheterization frequently had silent ischemic brain lesions. However, fortunately, no neurological abnormalities were found, and the clinical significance of the lesions was small. This may be due to very small cerebral infarctions caused by very small emboli. That is, the cerebral infarctions were asymptomatic. DWI can be used to detect early tissue damage, such as cellular edema, compared to conventional CT or T2WI (5). DWI-positive lesions are regarded to indicate irreversible tissue damage (6) . However, in the present study, three months after the first MRI, the DWI-positive lesions disappeared in 18 of 20 patients (90%) with positive DWI lesions, and there were no T2WI-positive lesions in these areas. Why the DWI-positive lesions disappeared is unclear; however, the most likely reason is that the DWI-positive lesions observed in the present study were reversible and the lesions were too small to be detected on T2WI after three months.
There have been several studies of the occurrence of cerebral microembolism during cardiac catheterization, as evaluated on DWI. Some authors have reported a high incidence of DWI-positive cases (4), while others have reported a low incidence (7) . It has been reported that the length of the procedure and/or the procedural fluoroscopy time are independently associated with the risk of cerebral infarction (8, 9) . Catheter manipulation can cause embolism via thrombus formation, such as the development of blood clots at the tip of the catheter, catheter or guide wire-induced broken (10) (11) (12) . In the present study, T2WI-positive areas were observed on brain MRI performed three months after the first MRI in only two cases (1.8% of all patients) among the patients who underwent left cardiac catheterization and zero of one case (0%) among the patients who underwent MDCT. Furthermore, no neurological abnormalities were found in any patients with DWI-positive areas. Therefore, such abnormalities in DWI-positive areas may not be clinically important. However, considering that the frequency of DWI-positive areas was strikingly smaller in the MDCT (1.8%) group than in the left cardiac catheterization (18%) group, MDCT may be more safely used than left cardiac catheterization to detect coronary artery disease without cerebral infarction. We assessed whether the background factors affected the high frequency of cerebral microembolism observed following cardiac catheterization using multivariate statistics and found no relationships between the background factors and the occurrence of cerebral microembolism.
In conclusion, left cardiac catheterization carries a risk of asymptomatic cerebral microembolism, as assessed on DWI; however, most of the microemboli disappear within three months without causing neurological abnormalities.
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